It is well known that b-ionone is a highly important compound for the synthesis of retinoids, carotenoids and related compounds.
of alcohol tricarbonyliron complex (5) to the corresponding aldehyde (6) without decomplexation by Mukaiyama's method 6 ) using 1,1Ј-(azodicarbonyl)dipiperidine (7) . 1) Thus, the reaction of aldehyde tricarbonyliron complex (8) with Grignard reagent and subsequent oxidation by 7 was expected to give the desired product. The aldehyde tricarbonyliron complex (8) was prepared from the corresponding aldehyde 7) with dodecacarbonyltriiron in 68% yield. Treatment of 8 with benzylmagnesium chloride and followed by oxidation with 7 afforded the two products (2e, 10e) in 49% and 38% yields, respectively. The structure of 2e was determined on the basis of its spectral data, which were identical with those of the sample obtained by the previous method. The IR spec-tra of 10e showed an alcoholic absorption at 3570 cm Ϫ1 , and 1 H-NMR spectra exhibited benzylic methylene signals at d 2.85 ppm (1H, dd, Jϭ7, 13 Hz) and d 3.05 ppm (1H, dd, Jϭ 7, 13 Hz). In order to establish the structure of 10e, reduction of 2e was performed using sodium borohydride in methanol to give an alcohol, 11, whose NMR spectra was not identical with that of 10e. It is known that the carbonyl group has an scis conformation in dienylketone tricarbonyliron complex; therefore, the single diastereomer is produced in its reduction due to the back side attack of hydride against to the tricarbonyliron. 8) Consequently, from the reaction pathway, we determined these structures of 10e and 11 as y-exo and yendo alcohols, 9) respectively. In a similar fashion, the reactions of various Grignard reagents with 8 afforded the corresponding ketone and alcohol tricarbonyliron complexes (2, 10), and these results are listed in Table 1 . The production of 2 and 10 is easily rationalized by consideration of the conformation of the carbonyl group in 8. Thus, in dienylaldehyde tricarbonyliron complex such as 8, the carbonyl group had both s-cis and s-trans conformations, and the Grignard reagents approached the opposite side of tricarbonyliron to give the intermediates (9a, 9b), respectively. We speculated that, in intermediate 9b, the magnesium salt of alcohol and tricarbonyliron complex were placed at the same side of the plane formed by the dienal structure. In contrast, in intermediate 9a, both functional groups were positioned opposite each other. Therefore, intermediate 9a was easily oxidized to afford ketone tricarbonyliron complexes (2), whereas another intermediate, 9b, was not oxidized to give the alcohol tricarbonyliron complexes (10) because the approach of the oxidizing reagent was disturbed by steric hindrance (Chart 2, Table 1 ).
The ratio of 2 and 10 seemed to depend upon the steric bulkiness of Grignard reagent. Thus, the yield of alcohol (10) was increased with the increase of the bulkiness of the nucleophile (iso-PrϾEtϾPhCH 2 ϾPh). This phenomenon is understood from the reaction mechanism (Fig. 2) . The aldehyde complex (8) exists as an equilibrium between the s-trans (8a) and s-cis (8b) conformations of the carbonyl group. From consideration of the Dreiding molecular model, it is expected that the addition of the nucleophile to the carbonyl group will be much faster in conformer 8b. Thus, in conformer 8a the preferred angle (ca. 109°) of the attack of the nucleophile 10) is sterically hindered by one of the geminal methyl groups at the C-1 position. In contrast, in conformer 8b, the nucleophile can approach free of such restrictions. Since the product ratios of 2 and 10 depend upon the direction of the addition of the nucleophile under the condition that the equilibrium between the conformations is rapidly established, an increase in the steric bulkiness of the nucleophile and a de- (Fig. 2) . A similar discussion has already addressed the nucleophilic addition of tricarbonylchromium complex. 11) All our attempts to transform 10 to the corresponding ketone 2 were unsuccessful because of the partial decomplexation under oxidative conditions. Since Nahm and Weinreb demonstrated the convenient conversion of N-methoxy-N-methylamide to the ketone derivatives by use of organometallic reagents, 12) this methodology has been applied to the synthesis of various natural products. 13) We anticipated that the amide tricarbonyliron complex (15) would be a common intermediate for the preparation of various b-ionone analog tricarbonyliron complexes (2). The amide tricarbonyliron complex (15) was obtained from acid (12) 7) by three steps. The ethyl ester (13), obtained from 12 in 92% yield by the usual method using a catalytic amount of concentrated H 2 SO 4 in ethanol, was converted to the corresponding tricarbonyliron complex (14) by the reaction with dodecacarbonyltriiron in benzene. The ester complex (14) was transformed to the N-methoxy-N-methylamide (15) in 73% yield by treatment with N,O-dimethylhydroxylamine hydrochloride and diisopropylmagnesium bromide. 14) Treatment of 15 with benzylmagnesium chloride afforded the desired b-ionone analog tricarbonyliron complex (2e) via the reaction intermediate (16) 12) and its decomplexed compound (4e) in 39% and 13% yields, respectively. This result indicated that our attempt to use the amide-complex (15) as a common intermediate for the preparation of 2 was brought to a standstill because of the low yield of the desired product (4) and the occurrence of partial decomplexation under the reaction conditions. Then, we determined that the tricarbonyliron complexation step would be achieved as a final step, and the reaction of decomplexed amide (17) with organometallic reagents 15) was investigated. The amide (17) was derived from the ester (13) in the same manner as described for the preparation of 15 in 94% yield. Treatment of the amide (17) with three equivalents of methyl lithium in ether at 0°C gave the b-ionone (4: RϭMe) in 56% yield. When methylmagnesium bromide was used as a nucleophile, the yield of b-ionone was increased to 84% yield. In a similar fashion, the reaction of the amide (17) with Grignard reagents or alkyl lithium reagents afforded the corresponding b-ionone analogs (4) in good to excellent yields. The results are listed in Table 2 . In the case of diisopropylmagnesium bromide, the yield of 4b was decreased due to the steric bulkiness of the reagent. The structures of these analogs were determined from the spectral data shown in Table 3 . These compounds (4) were transformed to the corresponding tricarbonyliron complexes (2) by a reaction with dodecacarbonyltriiron in high yields (69-94%, Chart 3).
In summary, the present method described here, the reaction of the N-methoxy-N-methylamide (17) with organometallics, provides a novel and easy route for the synthesis of b-ionone analogs (4), and these compounds were easily converted to the corresponding tricarbonyliron complexes (2). The transformation of these compounds to the retinoid derivatives is under investigation in our laboratory.
Experimental
Boiling points are uncorrected. UV spectra were recorded on a JASCO Ubest-55 instrument and IR spectra on a Perkin-Elmer FT-IR Paragon 1000 spectrometer.
1 H-NMR spectra were obtained on a Varian Gemini-200 or Gemini-300 NMR spectrometer. Mass spectra were determined on a Hitachi M-4100 instrument. Column chromatography (CC) under reduced pressure by an aspirator (ca. 30 mmHg) was performed using Merck Silica gel 60. All reactions were carried out under a nitrogen atmosphere. Materials obtained from commercial suppliers were used without further purification except when otherwise noted. Tetrahydrofuran (THF) and ether were purified by distillation from benzophenone sodium ketyl under nitrogen. Diisopropylamine was purified by distillation from CaH 2 . Standard workup means that the organic layers were finally washed with brine, dried over anhydrous sodium sulfate (Na 2 SO 4 ), filtered, and concentrated in vacuo below 30°C using a rotary evaporator.
General Procedure for the Preparation of b b-Ionone Analogs (4a, e, f) from the S, S-Acetal (3) A solution of n-BuLi (1.6 mol hexane solution, 2.8 ml, 4.48 mmol) was added dropwise to a stirred solution of the S,S-acetal (3, 1 g, 3.73 mmol) in THF (5 ml) at 0°C. The mixture was stirred for 30 min at room temperature, and a solution of alkyl bromide or alkyl chloride (4.48 mmol) was added at Ϫ78°C. After stirring for an additional 30 min under the same conditions, the reaction was quenched with saturated aqueous NH 4 Cl (5 ml) and then extracted with Et 2 O (50 mlϫ3). The extract was washed with brine, dried over Na 2 SO 4 , and then concentrated. To this residue, MeOH (30 ml), HgCl 2 (1.08 g., 4.6 mmol) and HgO (518 mg, 2.39 mmol) were added and the resulting mixture was stirred for 15 min at room temperature. After the evaporation of MeOH, the crude product was filtered off through Celite with Et 2 O, followed by a standard workup. The residue was purified by CC (ether : hexaneϭ1 : 4 as an eluent) to give the bionone analog (4) as a colorless oil.
(4E)-5-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-4-penten-3-one (4a): This was prepared from 3 (500 mg, 1.87 mmol) and ethyl bromide (244 mg, 2.24 mmol) in 35% yield (134 mg) as a colorless oil. This compound was identical with the authentic specimen obtained by the later method. 
This was prepared from 3 (1 g, 3.73 mmol) and benzyl bromide (1.13 ml, 4.48 mmol) in 43% yield (434 mg) as a colorless oil. This compound was identical with the authentic specimen obtained by the later method.
(3E)-1-(4-Methoxy phenyl)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-buten-2-one (4f): This was prepared from 3 (1.9 g, 7.16 mmol) and p-methoxybenzyl chloride (4.83 ml, 7.88 mmol) in 35% yield (580 mg) as a colorless oil. UV l max (EtOH) nm: 300, 224; IR (CHCl 3 
-(2E)-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-propen-1-al]iron(0) (8)
A mixture of (2E)-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-propen-1-al (1.0 g, 5.6 mmol) 7) and Fe 3 (CO) 12 (3.1 g, 6.2 mmol) in benzene (50 ml) was heated under reflux for 20 h. The resulting mixture was passed the short aluminum column to remove the excess reagent, and the eluent was concentrated under reduced pressure. 8 mmol) was added dropwise to a stirred solution of the aldehyde (8, 636 mg, 2 mmol) in anhydrous Et 2 O (20 ml) at 0°C, and the resulting mixture was stirred for an additional 10 min. A solution of 1,1-(azodicarbonyl)dipiperidine (7, 1.3 eq, 2.6 mmol) in THF (5 ml) was added at 0°C, and the mixture was stirred for another 20 min under the same conditions. The reaction was quenched with saturated aqueous NaCl (5 ml) and extracted with Et 2 O (50 mlϫ3), followed by the standard work up. The residue was purified by CC (ether : hexaneϭ1 : 9 as an eluent) to give the b-ionone tricarbonyliron complex analog (2) as a yellow oil from the first fraction and the alcohol tricarbonyliron complex (10) as a yellow oil from the second fraction.
Tricarbonyl in MeOH (3 ml) was added NaBH 4 (5.5 mg, 0.15 mmol) at 0°C. After stirring for an additional 30 min, the reaction mixture was poured into ice water and extracted with ether (3ϫ50 ml), followed by the standard workup. The residue was purified by CC on silica gel (ether : hexaneϭ1 : 9 as an eluent) to give the alcohol (11) as a yellow oil in 25% yield (4.5 mg Ethyl (2E)-3-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-2-propenoate (13) A mixture of carboxylic acid (12, 10 g, 51.5 mmol) 7) and a few drops of concentrated H 2 SO 4 in EtOH (40 ml) was heated under reflux for 6 h. After cooling, ethanol was removed by evaporation in vacuo and the residue was extracted with ether (3ϫ80 ml). The combined extracts were washed with brine (30 ml), dried over (Na 2 SO 4 ), then concentrated. The residue was purified by distillation to give the ester (13) as a colorless oil in 92% yield (10.6 g). bp: 125-128°C (7 mmHg); IR (CHCl 3 ) cm 
-(2E)-N-methoxy-N-methyl-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-propenamide]iron(0) (15)
To a stirred solution of the ester tricarbonyliron complex (14, 360 mg, 1 mmol) and N,O-dimethylhydroxylamine hydrochloride (300 mg, 3 mmol) in THF (10 ml) was added dropwise iso-propylmagnesium bromide (0.67 M solution, 9 ml, 6 mmol) at Ϫ20°C. After stirring for an additional 30 min, the reaction was quenched with saturated NH 4 Cl (15 ml) and the mixture was extracted with ether (3ϫ 20 ml). The combined extracts were washed with brine (20 ml), dried over (Na 2 SO 4 ), then concentrated. The residue was purified by CC (ether : hexaneϭ1 : 4) to afford the amide (15) Reaction of the Amide Tricarbonyliron Complex (15) with Benzylmagnesium Chloride To a solution of the amide (15, 234 mg, 0.6 mmol) in THF (8 ml) was added a solution of benzylmagnesium chloride (2 M solution, 0.6 ml, 1.2 mmol) at 0°C. After stirring for an additional 30 min, the reaction was quenched with saturated NH 4 Cl (10 ml) and the mixture was extracted with ether (3ϫ15 ml), followed by the standard workup. The residue was purified by CC on silica gel (ether : hexaneϭ1 : 9 as an eluent) to give the b-ionone analog tricarbonyliron complex (2e, 72 mg, 39%) and its decomplexed product (4e, 22 mg, 13%), respectively. These compounds were identical with authentic specimens obtained from S,S-acetal (3) and aldehyde tricarbonyliron complex (8) . General Procedure for Preparation of b b-Ionone Analogs from the Amide (17) To a solution of the amide (17, 710 mg, 3 mmol) in THF (18 ml) was added an organometallic reagent (3 eq, 9 mmol) at 0°C. After stirring for an additional 30 min, the reaction was quenched with saturated NH 4 Cl (30 ml) and the mixture was extracted with ether (3ϫ30 ml) followed by the standard workup. The residue was purified by CC on silica gel (ether : hexaneϭ1 : 9 as an eluent) to give the b-ionone analog (4) as a colorless oil (Tables 2, 3 Tricarbonyl[3,4,1,2-h 4 -(3E)-1-(4-methoxy phenyl)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-buten-2-one]iron(0) (2f): This was prepared from 4f (514 mg, 1.73 mmol) and Fe 3 (CO) 12 
